BACKGROUND: For more than a decade, the presence of diabetes has been considered a coronary heart disease (CHD) Brisk equivalent^. OBJECTIVE: The objective of this study was to revisit the concept of risk equivalence by comparing the risk of subsequent CHD events among individuals with or without history of diabetes or CHD in a large contemporary realworld cohort over a period of 10 years (2002 to 2011). DESIGN: Population-based prospective cohort analysis. PARTICIPANTS: We studied a cohort of 1,586,061 adult members (ages 30-90 years) of Kaiser Permanente Northern California, an integrated health care delivery system. MAIN MEASUREMENTS: We calculated hazard ratios (HRs) from Cox proportional hazard models for CHD among four fixed cohorts, defined by prevalent (baseline) risk group: no history of diabetes or CHD (None), prior CHD alone (CHD), diabetes alone (DM), and diabetes and prior CHD (DM+CHD). KEY RESULTS: We observed 80,012 new CHD events over the follow-up period (~10,980,800 person-years). After multivariable adjustment, the HRs (reference: None) for new CHD events were as follows: CHD alone, 2.8 (95 % CI, 2.7-2.85); DM alone 1.7 (95 % CI, 1.66-1.74); DM+CHD, 3.9 (95 % CI, 3.8-4.0). Individuals with diabetes alone had significantly lower risk of CHD across all age and sex strata compared to those with CHD alone (12.2 versus 22.5 per 1000 person-years). The risk of future CHD for patients with a history of either DM or CHD was similar only among those with diabetes of long duration (≥10 years). CONCLUSIONS: Not all individuals with diabetes should be unconditionally assumed to be a risk equivalent of those with prior CHD.
INTRODUCTION
The prevalence and burden of diabetes mellitus remains high. 1 After Haffner et al. 2 reported that adults with diabetes had the same risk for future myocardial infarction (MI) as adults with previous MI and without diabetes, the Adult Treatment Panel (ATP) III guidelines in 2001 recommended that all individuals with diabetes be considered as BCoronary heart disease (CHD) risk equivalent^. 3 However, the latest 2013 ACC/AHA assessment of risk guidelines considers diabetes as only one of the many variables in its risk assessment equation. 4 The assertion that all patients with diabetes are CHD equivalent has been controversial. 5, 6 Existing evidence is based on relatively small studies with various limitations. Some studies were limited to a single gender, [7] [8] [9] while others were based on self-reported diagnosis of diabetes. 10, 11 Some lacked the ability to adjust for important confounding risk factors. 12, 13 Most of the studies have comprised cohorts from the 1990s, 5 and only a few studies have been able to evaluate the impact of the duration of diabetes. 7, 8, 14 There is also a paucity of data among relatively young (30-40 years) patients with diabetes. For all these reasons, updated evidence from a contemporary population is needed to inform our understanding of CHD risk in diabetes patients.
We compared the risk of a CHD event among individuals with and without a history of diabetes or CHD among a large (n=1,586,061), ethnically diverse, contemporary real-world cohort of patients in usual care over a period of 10 years (January 1, 2002, through December 31, 2011).
METHODS
Kaiser Permanente Northern California (KPNC) is a large integrated health care delivery system caring for more than three million persons who are broadly representative of the service area. 15, 16 As of January 1, 2002 (baseline), there were 1,843,856 active KPNC members, ages 30 to 90 years. We excluded individuals not continuously enrolled during the 12 months prior to baseline (n=257,795) in order to avoid misclassification of new enrollees with pre-existing CHD. The final study population included 1,586,061 subjects. Our outcome of interest was the rate of new CHD events during 2002-2011 across four exposure categories defined by prevalent CHD or prevalent diabetes (as of January 1, 2002, baseline): 1) no diabetes or CHD (BNone^); 2) prior CHD alone (BCHD^); 3) Diabetes alone (BDM^) 4) Diabetes and CHD (BCHD+DM^).
Identification of Diabetes
Patients with prevalent diabetes were identified in the year prior to baseline based on a well-validated algorithm 17 to build a cumulative list of patients with this chronic disease. Diabetes identification was based on any of the following: 1) inpatient diagnosis (principal diagnosis of ICD-9: 250) or outpatient diagnosis (two or more diagnoses with ICD-9: 250; excludes diagnoses collected in the emergency room or optometry or ophthalmology departments); 2) two abnormal outpatient laboratory results (fasting glucose ≥126 mg/dL; random or postchallenge [75 g] glucose ≥200 mg/dL; HbA1c≥6.5 %), tested on separate days within a 3-year period; or 3) pharmacy utilization for insulin or certain oral anti-hyperglycemic medications. Newly identified diabetes cases were excluded if they were based on a diagnosis of gestational diabetes (ICD-9: 648.8), identified due to the use of insulin sensitizers thiazolidinedione or metformin for conditions other than diabetes (e.g., pre-diabetes or polycystic ovary syndrome), or included due to a single criterion without subsequent diabetes-related utilization within a 2-year period. Of note, diabetes cases are ascertained on an ongoing basis, and the Kaiser Diabetes Registry maintains a cumulative record of existing and each new DM diagnosis. DM remissions are dropped from the registry; however, remissions are very rare. 18 
Identification of Coronary Heart Disease
Patients with prevalent CHD at baseline were identified by the presence of any (non-fatal) CHD diagnosis during the 5 years before baseline (January 1, 2002); incident CHD events were identified during the 10 years of follow-up from baseline via hospitalization and medical records. Both prevalent and incident CHD identification was based on inpatient primary diagnosis or procedure records, as follows: fatal and non-fatal MI (ICD-9 diagnosis codes: 410-414, 429. 
Statistical Analysis
Categorical variables are presented as percentages and continuous variables as mean and standard deviation. We calculated crude and age-adjusted overall and gender-specific rates of CHD (number of events per 1,000 person-years [p-y]) for each exposure category. We specified Cox proportional hazard regression models to estimate hazard ratios as a measure of the difference in rates of CHD across the four categories. We specified the following series of multivariable adjusted models: Model 1: 10-year age categories (30-39, 40-49, 50-59, 60-69, 70-79 and 80-90 years), sex and race/ethnicity; Model 2: model 1 plus ever smoking and hypertension; Model 3: model 2 plus presence of dyslipidemia (TC≥200 mg/dl or LDL-C≥130 mg/dl or TG≥150 mg/dl or HDL [Females <50 mg/dl, Males<40 mg/dl]); Model 4: model 3 plus statin use; and Model 5: a saturated model that adjusted for all the above variables. We believe that correlation between dyslipidemia and statin treatment is not a concern in this particular study design, as collinearity between an exposure of interest and a confounder is a concern when estimating effect sizes for a given exposure, but confounder-confounder collinearity has minimal impact on adjusted models given that we are not trying to estimate the effect of either confounder.
Ten-year Kaplan-Meier Survival curves with new CHD event as outcome were compared across the four categories. We also calculated CHD rates for each 10-year age category for men and women separately.
All analyses were performed with SAS version 9.1 software (SAS Institute, Cary, NC, USA), and associations were considered statistically significant at the 0.05 level.
RESULTS
Among the 1,586,061 adults at baseline, 1,405,105 (88.6 %) had no prevalent diabetes or CHD, 42,449 (2.7 %) had prior CHD alone, 118,952 (7.5 %) had diabetes alone, and 19,555 (1.2 %) had both diabetes and CHD. Individuals with a history of CHD, irrespective of diabetes status, were more likely to be male, older, and statin users than those without prevalent CHD (Table 1) .
Individuals with diabetes and CHD at baseline were more likely to have had diabetes longer than 10 years compared to those with diabetes alone (27.2 % and 12.7 %, respectively). The mean HbA1C was lower among patients with diabetes and CHD versus diabetes alone (7.7±1.7 versus 8.0±1.9; p<0.01), although insulin use was much higher (31.7 % versus 17.8 %; p<0.01).
We observed 80,012 new CHD events during the 10,980,800 p-y follow-up (median follow-up of 9.9±3.6 years). The ageadjusted CHD rate was lowest (4.8 per 1000 p-y) among individuals with no CHD or diabetes, and highest among those with prevalent diabetes and CHD (37.3 per 1000 p-y) ( Table 2 ). Of note, the age-adjusted CHD rate per 1000 p-y for individuals with prevalent CHD alone was 22.5 per 1000 py, almost twice that among those with prevalent diabetes alone (12.2 per 1000 p-y). The patterns were similar for men and women.
After adjusting for age, sex, and race/ethnicity (model 1), the hazard ratios (reference: no diabetes or CHD) from the 10-year Cox proportional model of new CHD events were 4.0 (95 % CI, 3.9-4.1), 2.4 (95 % CI, 2.4-2.5), and 6.8 (95 % CI, 6.6-6.9) among individuals with prior CHD alone, with diabetes alone, and with both diabetes and CHD, respectively. After additional adjustment for smoking and hypertension (model 2), these same three HRs were 3.1 (95 % CI, 3.0-3.2), 2.0 (95 % CI, 1.9-2.1), and 4.8 (95 % CI, 4.7-4.9), respectively. In the final model 5, these HRs were slightly attenuated to 2.8 (95 % CI, 2.7-2.85), 1.7 (95 % CI, 1.66-1.74), and 3.9 (95 % CI, 3.8-4.0), respectively (Table 2) . Furthermore, in model 5, changing the variable of age from categorical to continuous, the HRs remained similar: 2.71 (95 % CI 2.6-2.8), 1.7 (95 % CI, 1.66-1.7), and 3.9 (95 % CI, 3.75-4.0), respectively. Thus, despite adjustment for a wide range of known risk factors across five models, we observed modest changes in point estimates, indicating some confounding. However, the pattern of between-group ranking remained unchanged by adjustment: the CHD+DM group was always at highest risk, followed by CHD, then DM, and finally no CHD or DM.
In addition, we calculated the HR for future CHD among those with diabetes alone compared to those with prior CHD Crude Kaplan-Meier estimates of the proportion of individuals with CHD events during follow-up in the four categories ( Fig. 1) further demonstrated that risk of CHD increased in a stepwise fashion from no diabetes or CHD (lowest risk), to diabetes only, prior CHD only, and finally to presence of both diabetes and CHD (highest risk). We also evaluated CHD rates (per 1000 p-y) stratified by sex and age in all four exposure categories (Fig. 2) . Regardless of age category, the rates reflected the same pattern of risk based on prevalent disease. Men with diabetes alone at ages 40-49 had 9 CHD events per 1000 p-y (0.9 % annually), and women with diabetes alone had 6.6 CHD events per 1000 p-y (~0.7 % annually) at age group 40-49 years. Rates were even lower for the population < 40 years of age. While men generally had higher CHD rates, the relative patterns across the four categories were similar for men and women (Fig. 2) .
We then explored the role of duration of diabetes and risk of CHD. Among individuals with diabetes alone, the fully adjusted (model 5) risk of CHD increased incrementally with longer diabetes duration (Fig. 3 ). Among individuals with diabetes for at least 10 years at baseline, the risk of CHD was similar to that observed in individuals with prior CHD (HR 2.7, 95 % CI 2.6-2.8 versus HR 2.5, 95 % CI 2.4-2.6, respectively). Coronary heart disease rates stratified by sex and age in four cohorts by history of diabetes or CHD. Coronary heart disease rates per 1000 p-y, stratified by sex and age (10-year increments) in four cohorts defined by baseline history of diabetes or CHD: no diabetes or CHD (None); prior CHD alone (CHD); diabetes alone (DM); diabetes and CHD (DM+CHD) A Women, B Men Figure 3 Risk of CHD by duration of diabetes versus prior CHD. CHD risk among individuals with diabetes alone (DM) by duration of diabetes, versus prior coronary heart disease alone (CHD). Hazard ratios adjusted for same variables as in fully adjusted model 5 in Table 2 .
DISCUSSION
This analysis of a contemporary, large, real-world population with uniform access to integrated care suggests that the presence of prior CHD alone was associated with approximately twice the age-adjusted rate of CHD compared to prevalent diabetes alone. Prevalent diabetes alone or CHD alone was associated with approximately double and triple the CHD risk, respectively, when compared to individuals without a history of diabetes or CHD. In general, prior CHD was not CHD riskequivalent to having diabetes alone, except among individuals with a long duration of diabetes (≥10 years).
Our study findings confirm the approximately twofold excess risk of CHD due to the presence of diabetes, as reported previously in a meta-analysis by the Emerging Risk Factors Collaboration. 19 However, our study suggests that having diabetes does not unconditionally translate into CHD risk equivalence. Almost 17 years ago, Haffner et al. reported findings from a study of 2432 Finnish subjects demonstrating that those with diabetes without prior MI had a risk of MI that was as high as that of patients without diabetes with a history of MI.
2 This led to the concept of diabetes as a CHD risk equivalent, which has been challenged and remains controversial. 5, 6 A meta-analysis of 13 studies including 19,072 individuals with diabetes noted that individuals with diabetes alone had a 43 % lower risk of developing CHD than those with prior CHD but without diabetes. 5 Our data also demonstrate that individuals with prevalent diabetes alone had substantially lower risk (adjusted HR 0.61; 95 % CI, 0.60-0.63) of developing CHD than those without diabetes and with prior CHD. Our study confirms in a real-world population the findings of the previous meta-analysis based on more controlled epidemiologic cohorts. The present study is also unique in having no limitations associated with the meta-analysis, including heterogeneous population, lack of access to individual patient data, and inability to adjust for differences in age, sex and confounders across the studies. 5 Furthermore, only a limited number of studies had data for both men and women. 5 Finally, our single study with a diabetes population of 138,507 individuals is several-fold larger than all the studies in that analysis combined.
A large Danish study, 13 not included in the abovementioned meta-analysis, compared 71,801 individuals with diabetes and 3,202,671 without diabetes. The authors concluded that the risk of the composite endpoint of MI, stroke, and CVD death among patients with diabetes was similar to those with prior MI. However, for the outcome of CHD, this Danish study showed patterns similar to those of the meta-analysis and of our present study. Of note, that analysis was less contemporary (1997) (1998) (1999) (2000) (2001) (2002) , limited by a shorter (5-year) follow up, and lacked data to adjust for confounders such as smoking and hypertension.
Other studies have further stratified by duration of diabetes in order to identify a particular subset of individuals with diabetes that fits the concept of CHD risk equivalent. Hu et al. examined the impact of diabetes and history of CHD on fatal CHD among women aged 30 to 55 years in the Nurses' Health Study over a 20-year follow-up (1976 to 1996) . 7 They reported that women with prior CHD alone had a relative risk (RR) of 8.61 (95 % CI, 7.08-10.5), which was similar to that among women with diabetes for more than 15 years (RR 8.66; 95 % CI, 6.87-10.9). In a more recent analysis of a 9-year follow-up of older men aged 60 to 79 years from the British Regional Heart Study, the authors reported that a threshold for diabetes duration of 8 years was required for diabetes to be regarded as risk equivalent. 8, 20 Like the British Regional Heart Study, we found that long duration (≥10 years) of diabetes was BCHD risk equivalent^.
Our study had the ability to explore the heterogeneity in CHD risk in both men and women, and across a very wide age range of 30 to 90 years (Fig. 2 ). While these rates are far less than reported previously in observational studies, they are consistent with contemporary findings from the Multi-Ethnic Study of Atherosclerosis (MESA) cohort study. Malik et al. 21 reported that the unadjusted CHD rate for 45-84-year-old MESA participants with diabetes (n=881) was 15.2/1,000 py (1.5 % annually). Our study shows that CHD rates were extremely low among 30-40-year-old subjects with diabetes alone (annual CHD rates 0.5 % and 0.3 % for men and women, respectively). Based on a recent examination of the 2013 ACC/AHA Pooled Cohort Equation, the inclusion of diabetes in the scoring criteria rather than considering diabetes as an automatic CHD equivalent led to important differences in predicted risk that might influence decision-making in younger patients with diabetes. 22 Our findings differ substantively from the influential findings in the original Haffner et al. 2 paper, possibly due to the last decade's greatly intensified primary prevention efforts to reduce the risk for CHD in individuals with diabetes. Furthermore, they lend support for the 2013 ACC/AHA risk assessment guidelines' inclusion of diabetes as a predictor rather than an automatic CHD risk equivalent.
Study Limitations
Our study had several noteworthy weaknesses and strengths. We did not validate the method of CHD ascertainment, which was based on electronic medical records data. However, previously published chart review validations support the use of ICD-9-based ascertainment derived from Kaiser electronic medical records data. 16 These studies have been published for wide variety of epidemiologic and health services research and have demonstrated face validity. 16, [23] [24] [25] Most importantly, while no single form of ascertainment is without error, differential ascertainment across the four exposures groups (no CHD or DM, prior CHD alone, existing DM alone, both DM and prior CHD) that would bias our comparison of these exposure groups in a substantive manner is highly unlikely. Our study could not account for lifetime risk associated with the presence of diabetes. Selective differential enrollment or dis-enrollment of persons by health status over time could bias our estimates of the CHD rates. We censored patients (i.e., they no longer contributed person-time) when there was loss to follow-up in our time-to-event analysis. Another limitation of these real-world data is that we may have missed important variables (e.g., body mass index, biomarkers, or physical activity), usually available for clinical epidemiologic study cohorts or randomized controlled trials, that potentially differed across exposure groups (i.e., residual confounding). Finally, our study population was all insured patients receiving integrated medical care in the KPNC healthcare delivery system and exposed to population-based interventions. Thus our results may not be fully generalizable to other health care settings. 24, 25 Strengths of our study include the large sample size (n=1,586,061), long follow-up (median of 10 years), representation of all major races/ethnicities, both genders, and inclusion of a wide age range, and the extensive capture of endpoints and confounding data facilitated by a state-of-theart electronic medical record.
In conclusion, diabetes alone did not confer risk of CHD equivalent to that of individuals with prior CHD in this large, contemporary real-world population receiving integrated care. Compared to individuals without prevalent diabetes or CHD, the risk doubled among those with diabetes alone, but tripled among those with prior CHD alone. However, prevalent diabetes of longer (≥10 years) duration conferred a risk of CHD equivalent to those with prevalent CHD. CHD event rates were very low among individuals with diabetes who were less than 40 years of age. These observational data are not sufficient to recommend modifications in any treatment recommendations, but they are important for informing expectations of the natural history of these two chronic conditions.
